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ABSTRACT 


I'wo  typical  iwu-atof7  frame  housea,  without  laUltiea,  were  located  at  7S00  and  3500  ft 
from  Ground  Zero  of  a  18.4-kt  bomb  exploded  at  300  ft  abort  the  ground.  Expoaurc  of  the 
houaea  waa  for  public  demooatratton  purpoaea  and  to  atudy  the  gamma- rwdlatlon  acatter 
and  the  effecta  of  thermal  radiation  and  blaat  on  each  houae. 

Both  houaea  were  furnished,  and.  In  each,  department-atore  mannequlna  werw  placed  In  the 
dining  and  living  rooma.  Film  badgea  to  meaaure  gamma  radiation  were  placed  In  layers 
throughout  the  house  at  T500  ft  and  In  the  baaement  of  the  houae  at  3500  ft.  Visual  Lnapectton 
and  photography  were  utUlxed  to  study  thermal-radiation  and  blaat  effecta. 

Because  of  the  heavy  fall-out  of  radioactive  material  In  the  area  surrounding  both  houses 
and  the  resulting  delay  In  recovering  badges,  initial  gamma-radiation  quantities  could  not  be 
determined. 

On  the  houae  at  7500  ft,  only  the  light -gray  painted  shutters  on  the  side  facing  the  detona¬ 
tion  were  scorched  from  thermal  radiation.  Mannequins  were  thrown  about,  and  soom  were  se¬ 
verely  damaged  b^  flying  glass  and  debris.  The  house  was  badly  damaged  Inside,  although,  with 
the  exception  of  broken  windows  and  doors,  the  exterior  appeared  almost  unchanged.  Whan 
viewed  from  the  side,  a  slight  cant  to  the  rear  waa  noticeable,  roughly  1  to  I  In.  at  the  eave 
line.  About  35  per  cent  of  the  first-floor  Joists  under  the  kitchen,  dining  rooss,  and  living  room 
was  broken  or  split  near  the  bottom  edges;  the  damage  generally  started  at  a  knot.  The  aecond- 
floor  framiim  appeared  undamaged.  All  but  one  of  the  roof  rafters  la  the  frost  faclag  ths  Mast 
srerc  taxdien  at  midspan  and  pushed  down  slightly  at  the  ridge. 

All  exterior  woodwork  on  the  front  of  the  houae  at  3600  It  was  charrsd  from  thsnaal  radi¬ 
ation,  but  no  fire  resulted.  Mannequins  were  generally  broken  and  trapped  in  the  debris.  Ths 
blast  dsBUdlshsd  this  houas.  Ths  first  story  dlslalagrated,  allowtag  ths  bmSy  damaged  second 
story  to  settle  down  on  the  first  floor.  Ths  roof  broke  Into  three  aecUcna  sad  came  to  rest  on 
the  ground  at  three  dtffcreat  locallone.  The  chimney  waa  hrokea  lato  large  sections  aad  lay  on 
the  ground  el  s  45*  angle  to  the  rear.  Other  ressalalng  aectloas  of  the  honae  were  moved  off 
the  basement  walls  sad  away  from  ths  blast. 

A  conventional  wood-frnane  house  wUl  he  aeverely  damaged  at  aa  ovarpreeaere  of  i  pal 
and  will  bs  dsMroyed  at  5  pel. 

Oemsge  to  manaequlBS  ladlcstM  that  human  bslngs  wtthoM  ahslter  la  ths  asms  locatkms 
would  hsvs  btea  injured  in  the  far-raage  house  sad  either  klUed  or  serloualy  tajured  la  the 
near  houee  by  the  effects  of  Mast. 

Ihuni^  to  ths  tar-rangs  house  could  have  been  reduced  by  laaprowcd  window  aad  door  de¬ 
sign;  by  the  use  of  ligM  timber  roof  trueeee,  etroager  raflera,  or  tateraasdlate  rafter  eupport 
on  alUc  partttlooe;  by  eelectlag  and  placing  floor  Jotste  to  avoid  knots  near  the  tenska  ^dgen; 
by  using  steel  Joist  hnagere  to  eupport  the  eade  of  ths  hander  Joists;  by  dnuMlns  trlauaers  at 
ths  flrepUce;  by  stronger  or  snore  closely  epacnd  wall  studs;  and  by  the  uae  of  materials  that 
are  leas  frangible  and  more  elastic  than  plnsterbcsurd  nad  pdister. 

Corveotlonal  msChods  of  wood-frame  hones  construction,  em  wtth  ths  bsst  of  materials 
nad  workmnjmhlp,  eanaot  ptovide  sufflcleal  strength  to  resist  pressures  such  ns  sxisisd  at  the 
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near  range.  New  designs  would  have  to  be  prepared  in  order  to  provide  a  house  to  resist  these 
pressures. 

Future  tests  of  houses  should  be  made  to  measure  reflected  pressures  on  the  front  face 
aiKl  pressures  inside  and  to  check  more  blast -resist ant  designs  of  wood  construction. 


4 


ACKNOWLEDGMENTS 


L.  A.  Darlii^  Co.  of  Bronson,  Mich.,  losned,  without  chsrgc  to  th«  Federal  Civil  Defense 
Administration  (FCDA),  all  department -store  mannequins  used  in  the  houses. 

North  American  Van  Line*.  Inc.,  transported  mannequins  and  surplus  government  furni¬ 
ture  to  and  from  Las  Vegas.  Nev.,  without  cost  *o  FCDA. 

The  Atlas  Trucking  Company  of  Las  Vegas,  ’ev.,  as  a  public  service,  hauled  mannequins 
and  furniture  to  and  from  the  Nevada  Proving  Grounds,  in  addition  to  supplying  some  of  the 
furniture. 

The  J.  C.  Penney  Co.  of  Las  Vegas,  Nev.,  through  the  National  Retail  Dry  Goods  Associa¬ 
tion,  donated  clothing  and  dressed  all  mannequins  used  in  this  teat. 

The  film  and  film  holders  used  in  the  measurement  of  the  gamma-radiation  dose  were  sup¬ 
plied  by  the  Radiation  Instruments  Branch  of  the  U.  S.  Atomic  Energy  Commission,  and  the 
ff’ms  were  processed  and  read  at  the  National  Bureau  of  Standards. 

Jack  C.  Greene  of  the  Health  and  Welfare  Division,  FCDA,  assembled  and  supervised  the 
f'acing  of  badges  and  interpreted  the  film  readings. 

Bernls  E.  Brasler  of  Salt  Lake  City,  Utah,  representing  the  American  Institute  of  Archi¬ 
tects  (AlA)  as  a  member  of  the  Evaluation  Team,  assisted  in  preparing  the  bousee  for  the  teet, 
studyiiqt  and  evaluating  damage,  and  reviewing  this  report. 

Benjamin  C.  Taylor,  Director  of  the  Technical  Division  of  the  Engineering  Office,  FCDA, 
and  a  member  of  the  Evaluation  Team,  gave  valuable  assistance  in  assessing  ths  damags,  sug¬ 
gesting  means  of  making  wood-frame  houses  more  blast -resistant,  and  reviewing  this  report. 

Gilbert  D.  Sptndel,  formerly  with  the  FCDA.  designed  and  prepared  the  plans  and  specifi¬ 
cations  for  the  hausen. 

Frederic  A.  Pawley,  Research  Secretary  u  the  AlA,  served  is  s  consultsnt  with  •^gard  to 
the  design  of  the  dwellings  being  representstlve  of  the  sversge  Ameriesn  h:;«fts  of  this  type. 


5-6 


CONTENTS 


Pige 

ABOTRACT . S 

ACKNOWLEDGMENTS .  5 


CHAPTER  1  INTRODUCTION . 11 

1.1  Objective .  .11 

1.2  Background  11 

1.3  Teat  Houses .  11 

1.4  Instrumentation  ...  11 

CHAPTER  2  TEST  RESULTS . 17 

2.1  Gaiiuna*radlatlnn  Scatter . 17 

2.2  Thermal  •radiation  Effects . 17 

2.3  Blast  Effects . 18 

2.3.1  House  at  7300  Pt  .  .  .  18 

2.3.2  House  at  3300  Pt . 34 

CHAPTER  3  IXSCU88K)N . 30 

3.1  Analysis  of  Gamma  •radiation  Data  50 

3.2  Analysis  of  Thermal -radiation -effects  Data  .  .  50 

3.2.1  House  a*  7500  Pt  50 

3.2.2  House  at  3500  Pt . 11 

3.3  Analysis  of  Blast -effects  Dida .  .51 

3.3.1  House  at  7500  FI .  51 

3.3.2  House  at  3500  Pt  .  .  .  .  SI 

3.4  roocluslons . 53 

3.5  Reconimeadatlons  S3 

APPKNDOf  A  8PEC1PICATK)N8 .  55 

APPKNDDI  B  DRAWWG6 . 61 


ILLUSTRATIONS 

CHAPTER  1  INTRODUCTION 

1.1  Bouse  at  3500  Pt.  Zero  Tlsne,  testast  of  Detonation . 13 

1.2  Boms  at  2800  Pt,  Vm  Bk  after  Detonation . 12 

7 


IUUST»ATIONS  (Conlinued) 

Page 

L3  Houite  at  3500  Ft,  ’*/«  Siec  aXicr  Detonaticm  13 

1.4  House  at  3500  Ft  I’Vja  S«c  after  Detonation  13 

1.5  Hriutre  at  3 SOU  n.  1%  Sec  after  Detonation  14 

16  House  at  ^500  Ft.  1%  Sec  after  Detonation . 14 

i  T  House  at  3500  Ft,  2*/,^  Sec  after  Detonation . 15 

18  House  at  5500  Ft,  Sec  after  Detonation . 15 

CHAPTER  2  TEST  RESULTS 

2.1  House  .500  Ft  before  ^ he  Blast . 19 

2.2  House  at  7:»00  Ft  after  th-  Blas^ . 19 

2.3  House  at  7500  Ft  ifter  the  Blast .  20 

2.4  House  at  7500  F'  fter  the  Slasl . 20 

2.5  House  at  7500  Ft  after  the  Blast .  ...  21 

2.6  House  at  7500  Ft  after  the  Blast .  .  21 

2.7  Basement  of  the  House  at  7500  Ft .  .22 

2.8  Basement  at  the  House  at  7500  Ft  22 

2.8  Floor  Joists  under  the  Kitchen . 23 

2.10  Floor  Joists  under  the  Dining  Room .  23 

2.11  Front  Floor  Joists  under  the  Living  Room .  24 

2.12  Rear  Floor  Joists  under  the  Livuig  Room . .  24 

2.13  Oinlr,g  Rooii\  before  the  Blast .  .  25 

2.14  Dining  Room  after  the  Blast . 25 

2.15  Dining  Room  after  the  Blast  25 

2.16  Dining  Room  "fter  the  Blast,  Looking  Toward  the  Front  of  the  House  26 

2.17  Dining  Room  afte’*  the  Blast  27 

2.18  Dli  4  Room  after  the  Blast . ?7 

2.10  Entrance  Hall  and  Stairs  after  the  Blast . 28 

2.2’  Living  Room  before  the  Blast . 28 

2.2.1  Living  Room  after  the  Blast . 29 

?.22  Rear  End  cf  the  Living  Room  after  the  Blast . 29 

A. 23  ulvlng  Room,  near  the  Front  Entrance . 30 

2.24  .tear  of  the  Kitchen  after  the  Blast . 30 

2.25  Kitchen  Wall  and  Ceiling  after  the  Blast . 31 

2.26  Kitchen  Entrance  after  the  Blast  Showing  Plaster  Cracks  .31 

2.27  Coat  Closet  after  tl»  Blast . 32 

2.28  First -floor  Lavatoiy  Ctulng  after  the  Blast . 32 

2.29  Damage  to  the  Second-floor  Hail  at  Front  .  . 33 

2.30  Front  Bedroom  after  the  Blant,  Looking  Toward  the  Side  ....  33 

2.31  Front-k«droom  Plaster  Dauiage . 35 

2.32  Master-bedroom  Damage,  Looking  Toward  the  Front  .35 

2.33  Master -bedroom  Celling  Damage . 36 

2.34  Damage  to  tiie  jp^f,  F  root  of  House  at  7500  Ft . 36 

2.35  Ridge  and  Roof  Rafters  at  the  Rear  of  the  House . 37 

2.36  Master -bedroom  closet .  37 

2.37  House  at  3500  Ft  before  the  laiast . 38 

2.38  House  at  3500  Ft  after  the  Blast  38 

2.39  Side  of  the  House  at  3500  Ft . 39 

i.sO  Rear  of !!.«  House  at  3500  Ft . 39 

2.41  Kitchen  Side  of  the  House  at  8500  Ft  .........  40 


3 


IUUSTRAT(ONS  (Continued) 

Page 

2.42  Debris  irara  the  House  at  3S00  Ft  ...  .  ...  40 

2.43  Lover  Portion  of  the  Front  Section  of  the  Roof . 41 

2.44  Upper  Portion  of  the  ¥  ront  Section  of  the  Roof . 41 

2.45  Rear  Section  of  the  Roof . 42 

2.46  Displacement  of  the  First  Floor  over  the  Corner-room  Shelter.  .42 

2.47  Rear  Wall  Punctured  b7  a  Wcor^  Girder  .......  43 

2.48  Basement,  Shoving  Damage  to  the  Living-room  Floor . 43 

2.4S  Front  Ends  of  the  Wood  Girders . 44 

2.i0  Damage  to  the  Kitchen  and  Dining-room  Floors,  Toward  the  Basement 

Door . 44 

2.5^.  Damage  to  the  Kitchen  and  Dining-room  Floors . 45 

2.52  Living  Boom  from  the  Front  of  the  House . 45 

2.1%  Underside  of  the  Living-room  Floor . 46 

2  i>4  Basement  Stairs,  Showing  Position  of  Upper  Fligh  46 

2.55  Rotation  and  Movement  of  the  Seccrnd  Story  at  Front . 47 

2.56  Oan'age  to  the  Second-floor  Rear  Bedroom . 47 

2.57  Front  Foundation  Wail  above  Grade  alter  the  Blast . 48 

APPENDDC  B  DRAWINGS 

B.l  Location  and  Tefal  Gamma  Readings  of  Film  Badges . 63 

B.2  Temperature-recording  Strips . 64 

B.3  Plans  and  Sections  of  a  Two-story  Wood  House,  FCDA  Drawing  No.  1  .  .85 

B.4  Elevations  for  a  Two-story  Wood  House,  FCDA  Drawing  No.  2  ...  66 


8-10 


CHAPTER  I 


INTRODUCTION 

1.1  OBJECTIVE 

Two  wood-frame  two-£tory-and-besemenl  houMS  were  constructed  at  3500  and  7500  ft 
from  Ground  Zero  at  the  Nevada  Proving  Grounds  and  exposed  to  a  16.4-kt  atomic  bomb  ex¬ 
ploded  at  an  altitude  of  300  ft.  The  purposes  of  tho  test  were  (1)  to  demonstrate  to  invited  State 
and  Civil  Defense  officials  and  to  the  American  people,  through  the  press,  television,  and  mo¬ 
tion  pictures,  the  effects  of  an  atomic  explosion  on  one  commcm  tjrpa  of  American  home  and 
(2)  to  study  the  gamma- radiation  scatter  and  the  effects  of  thermal  radiation  and  blast 
on  such  houses. 


1.2  BACKGROUND 

The  effects  of  an  atomic  explosion  on  the  buildings  and  homes  in  Nagasaki  and  Hiroshima, 
In  Japan,  have  been  surveyed,  and  the  results  have  been  published  elsewhere. 

Japanese  methods  of  home  construction  are  dlHerent  from  those  used  in  this  country.  In 
spite  of  this.  It  is  the  opinion  of  a  "groiq*  of  highly  qualified  architects  and  engineers  who  sur¬ 
veyed  the  damage  . . .  that  the  resistance  to  blast  of  American  residences  in  general  would  not 
be  markedly  different  from  that  observed  in  these  cities.”*  However,  since  the  bomb  sixe  and 
height  of  burst  were  different  in  this  test  from  those  in  Japan,  no  ittempt  has  been  made  to 
correlate  damages. 

1.3  TEHT  HOUSES 

Specifications  for  the  test  houses  are  given  in  Appendix  A.  Pigures  1.1  to  1.8  present  se¬ 
lected  frames  from  a  motion  picture  showing  the  effects  of  heat  and  blast  on  the  house  at  3500 
ft  from  Ground  Zero  duriiqi  the  test.  Figure  3.1  shows  the  bouse  at  7500  ft  from  Ground  Zero 
before  the  test,  and  Figs.  8.2  to  8.36  the  results  after  the  test.  Figure  8.37  shows  the  house  at 
3500  ft  before  the  test,  and  Figs.  8.38  to  2.57  the  results  after  the  tost. 

1.4  INSTRUMENTATION 

No  funds  were  available  for  instrumeidation.  Still-  and  mollon-pictutw  photography  were 
utilised  along  with  visual  inspection  to  observe  the  effects  of  blast  and  hsat.  Gamma- radiatloo 
film  badges  were  placed  In  three  horlsontal  layers  in  the  basements  of  the  houses.  Badges  lo¬ 
cated  Inside  at  basement  walls  were  attached  to  the  cinder  blocks  by  nailing  through  adhesive- 
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Pif.  l.l^HouM  At  S600  ft,  MTo  time,  lasuot  of  detonation.  The  blladlog  light 
from  the  detooetioa  throwt  die  house,  the  desert,  eod  the  suirouodlng 
hills  into  sharp  relief. 


1 


} 


i 

i 

( 


■f 

t: 


Pig.  1.8-House  at  S600  ft.  sec  after  deiooatlOQ.  The  chafrieg  deepeas 
aioeisi  the  wrlndaen  end  doont  the  wood  base  of  the  fleodUght  pole 
(lower  right)  la  stneklog. 
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Pil.  1.3 — Houw  at  3500  ft.  tec  after  detooatlcc.  The  front  of  the  bouic  la 

almoat  obacurcd  by  unohe. 


II 


Fi(.  l.S — Hoom  m  UOO  ft,  1*4  MK  ftfuc  detomtloc.  The  bUst  vrlvci.  Tb«  ftoot 
bockki.  frafiMoa  fly  froin  tbe  roof,  «ad  tbe  roof  Itself  li  ripped  upwerd. 


1  «  MOO  ft.  aec  ahec  daaowtkM.  Tbe  lower  koet  well  b 

ooHSfdMely  deevoyed. 
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Plf.  1.7 — Hottie  At  SSdC  ft,  S^jMCAftar  dctsoAtioa.  Th*  itcaadl  Movy  It  bcbi| 
puahH  back. 


II 


tejpt  sUiigs.  Interior  badge*  vere  tajMd  to  wire  bangers  suspended  from  first-floor  joist*.  In 
addUloD  to  tbs  badgas  la  the  basement,  tbe  house  at  7500  ft  cootsined  one  borlxontal  layer  of 
badges  4  ft  6  in.  above  tbs  tlrst  floor,  another  layer  at  the  second  floor  level,  another  layer 
4  ft  0  In.  <Uxive  tbs  second  floor,  seven  badges  In  the  attic  on  top  of  the  second-floor  celling, 
and  flfteM  bedgoe  on  the  ground  at  the  basement  wvll  outside  the  house.  Locations  and  total 
doses  recorded  by  badgas  are  shoarn  in  Fig.  B.l. 

Treated  paper  temperature-recording  strips,  mounted  oi  4-  by  5-  by  Vii*ln.  plywood  and 
furnished  by  the  <)oartermast*r  Research  and  Development  Laboratory  of  Philadelphia,  Pa., 
were  attached  to  the  sldlat^  tlua  faced  the  blast  at  the  front  door  at  the  house  at  7500  ft  and  to 
the  pole  supporting  the  floodlights  la  front  of  this  house  (see  Fig.  B.2).  These  calibrated  stripe, 
white  to  gray  In  color,  tom  blSkL  when  the  temperature  for  wnlcb  they  arc  designed  Is  reached. 

RIFIRJENCKS 

1.  Los  Alamos  Scientific  Laboratory,  ‘^he  effects  of  Atomic  Weapons,”  U.  8.  Government 
Printing  Office,  Washington,  1950. 

2.  Department  of  Dafeeee  and  Atomic  Asergy  Commission,  ‘‘Damage  from  Atomic  Explosion 
and  Design  of  Protsctlv*  Structures,”  U.  S.  Government  Printing  Office,  Washington,  1950. 

2.  U.  8.  Strategic  Bonriitog  Survey,  “The  Bffect  of  the  Atomic  Bomb  on  Hiroshima,  Japan,” 

Vola.  I,  n,  and  IQ,  U.  8.  Government  Printing  Office,  Washington,  1947. 

4.  U.  8.  Strategic  Bombing  Survey,  ”The  Effect  of  the  Atomic  Bomb  on  Nagasaki,  Japan,” 

Vais.  I,  lit  tad  UL  U.  8.  Government  Printing  Office,  Washington,  1947. 


1« 


CHAPTER  2 


TEST  RESULTS 

2.1  GAMMA-RADIATION  SCATTER 

At  5:20  a.m.  on  Mar.  17,  1052,  the  10.4-kt  bomb  waa  detonated  atop  a  SOO-ft  tower.  Early 
reporta  by  monitors  Indicated  a  heavy  radioactive  fall-out  along  a  radial  line  from  Ground 
Zero  through  the  houaea.  When  a  structural -safety  team,  whose  duty  it  was  to  the 

houses  and  advise  whether  they  were  safe  for  the  observers  to  inspect,  arrived  at  the  house  at 
the  7500-ft  range  at  approximately  7:00  a.m..  the  monitor’s  Instrument  recorded  20  r/hr 
(roentgens  per  hour)  on  the  ground  at  the  house.  7  r/hr  in  the  basement,  10  r/hr  on  the  first 
floor,  and  20  r/hr  on  the  second  floor.  Post -operation  plans  called  for  the  entry  ol  a  damage- 
evaluation  team  and  a  recovery  party  at  7:30  a.m.  to  assess  the  damage  and  collect  the  film 
badges.  Because  of  the  high  radiation  levels,  post -operation  plans  were  changed,  and  only  the 
damage -evaluation  team  entered  at  about  12:30  p.m.  Most  film  badges  from  the  7S00-ft  house 
were  collected  at  that  time.  At  noon,  March  18  and  10,  more  badges  were  taken  from  the  far 
house.  Badges  in  the  house  at  3500  ft  were  recovered  on  March  18.  Because  of  the  collapse  of 
this  house,  only  about  50  per  cent  of  the  badges  was  recovered.  Total  gamma  dosages  are 
shown  in  Fig.  B.l. 


2  2  THERMAL-RADIATION  EFFECTS 

All  exterior  woodwork  of  the  bouse  at  the  3500-ft  range  was  given  two  costa  of  whitewash. 
With  the  exception  of  the  shutters,  which  were  given  a  cost  of  light -gray  paint,  all  exterior 
woodwork  of  the  house  at  7500  ft  was  given  one  coat  of  white  undercoatiog  primer,  ‘The  roof 
of  the  house  at  3500  ft  wae  covered  with  equare  cement -aabestoc  ahlngiee,  while  the  far-raage 
houee  had  2104  llght^gray  aaphalt  roof  ahinglee.  Aluminum -finiah  Meel  Venetian  bUnde  with 
nonlnflammaMe  tapes  were  Installed  on  the  windows  facing  the  blast  (front)  in  both  housss.  All 
Venetian  blinds  were  lowered  and  closed  before  the  shot. 

The  shutters  on  the  front  of  the  bouse  facing  Ground  Zero  at  7500  ft  arere  acorchcd,  bM 
ciUer  exterior  woodwork  ahowed  no  effects  of  the  thermal  radiation.  No  thermal  eflecta  were 
noted  inside.  The  as|^t  shixigles  of  this  house  were  rtd  affected  by  the  beat.  The  temperature¬ 
recording  strips  on  the  (root  of  the  houee  and  on  the  light  pole  at  7W  ft  indicated  a 
temperature  of  248*C  or  480‘T,  although  the  accuracy  of  these  atripe  is  questionable,  espscial^ 
on  account  of  the  short  time  duration  of  the  thermal  radiation  and  the  variation  ta  reflecttvenese 
of  the  strips. 

All  sxtsrlor  woodwork  on  ths  front  of  ths  house  facing  Oroiad  Zero  at  1800  ft  was  charred 
by  ths  thermal  radiation.  An  examination  of  die  motloo  pictures,  franm  by  fraxM,  showed 
the  front  of  this  house  obecored  by  Msek  smoke  but  no  flame  aboM  0.78  sec  after  the  —p*^***** 
At  about  1.6  sec,  before  the  blast  arrlvsd,  the  black  smoks  had  gsnsrally  disappeared,  leeTlag 
a  charred  curface.  There  was  no  evidence  that  the  interior  of  the  house  was  affected  by  ths 
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th«rtnd  radiation.  The  cemenl-aabestoa  ehlngles  of  this  house  were  broken  but  showed  no  evi¬ 
dence  oi  discoloration. 

2.3  BLAST  EFFECTS 

2.3.1  House  at  7500  Ft  (See  Figs.  B.3  and  B.4) 

Figures  2.1  and  2.2  show  the  far -range  house  before  and  after  the  blast.  Figures  2.3  to 
2.6  show  blast  damage  from  the  outside  on  sides  and  rear  of  the  house.  Doors,  windows,  and 
window  frames  In  general  either  were  olasted  out  of  the  wails  or  remained  in  place  in  badly 
damaged  condition.  The  glass  In  the  windows  was  shattered  into  small  particles  and  scattered 
uniformly  about  the  Interior  of  the  house.  The  exceptions  to  the  general  rule  were  four  window’s 
In  the  rear  of  the  house,  which  had  been  sheltered  by  partitions  from  the  blast  that  entered 
through  the  front  and  side  openings,  and  the  basement  windows  In  the  rear  of  the  house,  which 
were  Uown  open  inward. 

The  basement  was  relatively  free  of  debris  e.xcept  for  that  from  the  outside  entrance  door¬ 
way  and  suffered  minor  damage  as  shown  In  Figs.  2.7  and  2.8.  The  6-  by  8-ln.  wood  girders, 
pipe  columns,  and  most  of  the  2-  by  8-ln.  floor  Joists  of  the  first  floor  system  were  undamaged. 
Figure  2.9  shows  a  split  Joist  at  about  the  third  point  under  the  kitchen.  Figure  2.10  shows,  un¬ 
der  the  dining  room,  the  fourth  Joist  from  the  front  broken  at  a  4-in  knot,  the  fifth  Joist  split, 
and  the  sbcth  broken  at  a  3-in.  knot.  Figures  2.11  and  2.12  show  two  views  of  the  floor-joist 
damage  under  the  living  room.  The  Jolets  framing  Into  the  double  header  were  designed  to  be 
supported  by  steel  Joist  hangers  but  were  only  spiked  to  the  headers.  These  nails  bent,  allowing 
the  supported  Joists  to  drop  about  3  in.  at  the  support,  splitting  one  Joist  and  pulling  out  the  nails 
that  secured  the  subfloorlng  to  the  Joists.  The  trimmers  were  shown  on  the  architectural 
drawings  as  being  doutded,  but  in  the  conetroction  they  were  single  Joists  and  failed  in  horizon¬ 
tal  shear  in  one  and  in  bending  In  the  ether.  Figure  2.11  also  shows  two  other  floor  Jolets  under 
ths  llvtng  rowm  which  failed  in  sending  at  approoilmately  mldspen. 

Flfu.e  2.13  is  a  view  of  the  dining  room  before  the  explosion;  the  front  facing  th*'  blast  is 
to  ths  left  In  the  figure.  Figures  2.14  to  2.18  show  the  damage  to  and  the  positions  of  depart¬ 
ment -stmre  mannequins  in  the  dining  room  after  the  blast. 

Figure  1.19  shows  the  damage  in  the  entrance  hall  on  the  first  floor 
Ftgure  1.20  ehowa  the  living  room  before  the  biaet;  Fig  2.21  shows  a  similar  view  of  the 
living  room  after  the  blast.  The  child  mannequin  was  found  undamaged  under  the  fireplace 
screen  after  the  cZ|doeion  but  was  removed  before  this  photograph  was  taken.  Figure  2  21 
shows  the  rear  end  of  the  living  room  with  the  Venetian  blind  from  the  front  wlndtjw  having  been 
blown  by  the  blaat  abod  20  ft  from  Its  original  position  Extensive  damage  to  planter  and  one 
broken  first -story  stud  are  shown  In  Fig.  2.23,  which  is  a  view  of  the  fn>nt  entrance  taken  from 
the  Itvlag  room.  Plaster  cracks  around  the  fireplace  IndicateJ  that  ther*  had  been  some  deflec¬ 
tion  inward  at  the  (imt -story  studs  in  this  side  of  the  house 

Ths  kftchSB  In  the  rear  at  the  htMse  was  protected  somewhat  by  the  partition  wail  between 
It  and  the  diatng  room,  yet  furntture  was  thrown  about,  and  the  door  to  the  dinii^  room  was 
broken  and  portiose  embedded  tn  the  piaster  of  the  rear  wall,  as  shown  in  Fig  2  24  Figure 
2.28  shows  part  of  ths  kttchen-c  Mliig  damage.  The  kitchen  wall  on  the  side  of  the  house,  be¬ 
tween  the  door  and  wtadew,  bulged  inward  slightly,  causing  plaster  cracks,  as  indicated  in  Fig. 
2.28.  The  studs  ta  this  part  at  the  wall  may  have  been  broken 

Fifare  2.27  shows  ths  door  .o  the  first-floor  coat  closet  ripped  off  tta  hinges,  turned  180°, 
and  wedgsd  In  this  positiou.  It  also  shows  the  vpening  tv  the  tasement  stairs  minus  the  door 
PlgofW  2.M  shows  dsaage  to  first-floor  lavatory  ceUum.  appareidly  caused  by  upward  es- 
caps  of  pressure. 

Ptgm  2.29  tadbrstss  what  happsasd  to  ths  Venetian  blind  on  the  front  window  and  the  ilnen- 
cloBSt  door  ta  ths  sscoad-Ooor  hsU.  Ths  door  was  wedged  ta  pUct  by  the  bowh«.  aiul  one  slat 
of  the  Mlad  was  plachsd  bstwsss  ths  top  of  'ha  door  asd  frame. 

(Text  continues  on  page  34.) 
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Plf.  3.7 — tefcmeat  of  the  boiue  at  7500  ft. 


Fig.  2.8 — Bawtnent  of  the  houtc  at  7500  ft. 


12 


Fig.  2.9 — Floor  Joisu  under  the  kitchen. 


Fig.  2.10— Floor  JoifU  under  the  dining  room. 
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PH.  2  .11 — ftoBt  floor  Jolsti  unter  the  living  room. 


Flf.2  .12 — Meer  floor  )otM»  earfer  the  Uviog  room. 
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Pl|.  2.15 — DUitef  tooro  Afw  ttw  bLut. 
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Figure  2,30  shows  the  Iront  bedroom.  To  the  left  is  shown  one  broken  second-story  stud, 
but  from  the  horlsontal  plaster  crack  it  is  probable  that  the  other  st^  split  alsa  Plaster 
damage  to  the  back  wall  of  the  front  bedroom  Is  shown  in  Fig.  2.31.  The  door  to  this  room  was 

open  at  the  time  of  the  explosion,  ,  . .  .  j  ^ 

Figure  2.32  is  a  view  of  the  master  bedroom  after  the  blast,  lookmg  toward  Ground  Zero. 

Deflection  and  splUting  d  the  second-story  studs  in  the  frait  wall  caused  considerable  plaster 
damage  in  this  room.  Damage  to  the  celling  may  have  been  caused  by  unequal  pressures  In  the 
attic  and  second  story  or  by  the  weakening  of  the  plaster  di^e  to  the  blast,  with  later  removal  by 
wind.  The  mannequin  on  the  bed  was  not  moved,  but  the  covering  was  stripped  from  the  bed. 

Figure  2.33  is  a  view  of  the  front  roof  rafters  taken  through  the  hole  bi  the  master -bedroom 
ceiling.  Only  om  broken  rotrf  rafter  is  vlslWe  However,  all  roof  rafters  on  the  front  of  the 
house  with  the  exception  of  one  hear  the  gable  end  were  broken  at  apprcai.mately  midspan  ysee 
Fig.  2.34).  A  photogrs^*  (Fig.  2.35)  taken  through  a  hole  In  the  rear-bedroom  ceiling  slwws 
the  ridge  board,  which  was  carried  down  by  the  broken  rafters  in  the  front  of  the  house,  and  the 
rear  roof  rafters  that  suffered  no  damage.  Figure  2.38  shows  damage  to  the  south  closet  in  the 
master  bedroom  and  the  Venetian  blind  from  the  front  window  ol  thla  room. 

The  house  leaimd  toward  the  rear,  the  eave  at  the  back  overhanging  the  rear  basement  wall 

an  estimated  1  or  2  in. 


2.3.2  House  at  3500  Ft  (See  Figs.  B.3  and  B.4) 

Figure  2.37  shows  the  front  (facU«  the  blast)  of  the  near-range  house  before  the  explosion. 
Figure  2.38  shows  a  general  view  of  the  house  after  the  blast,  taken  from  about  the  same  point. 
Moving  around  the  house  from  the  froit  counterclockwise,  the  damage  is  shown  on  the  other 
three  faces  in  Figs.  2.38  to  2.41.  In  the  foreground  of  Fig.  2.41  the  floor  of  the  kitchen  entrance 
is  shown  In  an  upside-down  position.  The  bouse  was  demolished  beyond  repair. 

Figure  2.42  shows  the  large  area  over  which  debris  was  scattered.  The  front  half  of  the 
roof  broke  in  the  middle  at  approximately  the  midspan  of  the  rafters,  the  lower  part  lifting  at 
the  eaves,  aa  shown  by  motion  pictures,  pivoting  about  the  break,  and  sailing  through  the  sir  to 
land  on  the  ground  in  the  rear  of  the  house  (see  Fig.  2.43).  The  upper  part  of  this  broken  roof 
was  found  upside  down  on  the  ground  in  front  of  the  house,  as  shown  in  Fig.  2.44.  The  rear  half 
of  the  roof  slid  off  the  house  to  the  rear  over  a  test  luitomt^ile  shown  in  Fig.  2.45.  This  section 
was  later  laid  on  the  ground  at  the  back  of  the  house  and  can  be  seen  in  Fig.  2.43. 

Ttte  chimney  fell  toward  the  rear  of  the  house  at  an  angle  of  about  45°  to  a  line  to  Ground 
Zero  and  was  found  lying  on  the  ground  broken  Into  large  sections.  Because  of  the  clouds  of 
dust  raised  during  the  final  collapse  of  the  house,  it  is  difficult  to  determine  from  the  motion 
pictures  whether  the  breakup  of  the  chltnnev  occurred  before  or  after  It  reached  the  ground. 

The  first -story  stud  walls  were  disintegrated  by  the  blast  and  allowed  the  second  story  to 
drqp  on  the  first  floor.  Most  of  the  living-room  floor  sagged  into  the  basement  due  to  broken 
joists,  Ths  first-floor  framing  system  moved,  in  general,  as  a  unit  toward  the  rear  of  the 
house,  about  2  ft  at  the  right  side  (locking  at  the  front  ot'  the  house)  and  1  ft  at  the  left  (see 
Fig.  2,46  which  shows  the  distance  that  the  first  floor  moved  at  the  baseroei  t  corner-room  shel¬ 
ter).  The  ends  of  the  0-  by  6-ln.  wood  girders  were  pushed  through  the  masonry  foundation  wall 
at  the  rear  of  the  house,  as  shown  in  Figs.  2.47  and  2.44.  The  eixis  of  tlie  wood  girders  at  the 
front  of  the  house  moved  off  their  bearings  (Fig.  2.48)  a  maximum  distance  cf  1  ft  3  in.,  and  the 
girders  cantilevered  from  the  front  pair  of  pipe  columns.  Base  and  cap  plates  the  pipe  col¬ 
umns  leaned  to  the  rear  but  did  not  overturn. 

The  kitchen-floor  joists  and  those  undei  the  dining  room,  which  were  not  supported  by  the 
basement  corner-room  shelter,  broke  and  projected  into  the  basement  (see  Figs.  2.50  and  2.51;. 

The  kitchen  and  dining-room  areas  were  completely  covered  with  debris  and  with  the  sec¬ 
ond  floor.  Mannequins  In  the  dining  ro.)m  were  burled  under  the  wreckage. 

Figure  2.52  shows  the  living  room  with  the  store  mannequins  buried  In  the  debris.  This 
part  at  the  first  floor  sagged  into  the  basement  space,  as  shown  in  Fig.  2.53,  which  is  a  view  of 
the  underside  ci  the  living-room  floor  from  the  rear  part  of  the  basement. 

(Text  continues  on  page  48.) 
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Fig.  2  .31 — PiruQt'bedroom  piutcr  dinufs.  | 


Fl|.  2,32— M»*tM-l»drooin  dunug*.  looking  towrtfd  tbt  frcfil. 
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Fif.  247 — Ho«M  At  3500  ft  bsfot*  ih*  bUat. 


Fig.  t4t— Ho«m  m  moo  ft  jiW  dM  Mm. 
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Flcurc  2.&4  show*  how  the  stsJrs  from  the  first  to  the  second  floor  collspsedi  Into  the  base- 
meat  stairwell  when  the  second  story  drqpped  on  the  first  floor. 

The  sec(xid  story  did  not  drop  vertically  on  the  first  floor  but  moved  with  a  clockwise  ro¬ 
tation  in  relation  to  the  front  basement  wall  of  the  house.  The  right  front  comer  d  the  second 
floor  settled  S  ft  8  in.  from  the  front  and  8  ft  3  in.  from  the  right-side  bssemert  wall,  while  the 
left  front  comer  of  the  lecond  floor  was  13  ft  from  the  front  basement  wall  and  overhung  the 
left -side  bssement  wall  by  10  ft  2  in.  The  motion  appeared  to  be  a  rotation  and  a  move&i^ent  to¬ 
ward  the  left  rear  comer  of  the  foundation  wall.  This  la  shown  in  Fig.  2.SS. 

Figure  3.58  shows  a  distinguishaMe  second-floor  rear  bedroom  which  fell  on  top  of  tbs 
kitchen. 

The  boK-sill  construction  used  at  the  top  of  the  block  foundation  wall  failed.  Generally,  the 
3-  by  8-in.  plate,  which  waa  bolted  to  the  block  wall,  remained  in  place.  In  the  front  of  the 
houae,  the  2-  by  8-ifl.  closure  or  header  split  at  the  top  horleontally,  with  the  top  portion  moving 
with  the  first  floor  and  the  lower  portion  remaining  with  the  plate,  as  shown  in  Fig.  2.55.  At 
the  aides  of  the  house,  where  the  closure  was  nailed  into  the  ends  of  the  floor  joists,  the  nails 
bent,  allowing  the  joista  to  allde  to  the  rear  of  the  house  with  the  floor  and  separating  the  clo¬ 
sure  from  the  plate.  This  is  also  illustrated  in  Fig.  2.55. 

The  foundation  wall  above  grade  suffered  little  damage  or  ‘he  front  and  aides  but  wss  dam¬ 
aged  at  the  rear  by  the  movement  of  the  first-floor  system.  However,  the  front  foundation 
wall  (Fig.  2.57)  waa  cracked  through  vertically  from  sill  to  basement  floor  at  each  end,  about 
1  ft  from  the  corner,  and  was  moved  in  at  the  tc^  about  1  In.,  hinging  at  the  basement  floor  level. 
The  hinged  wall  showed  no  bowing  or  cracking,  howe''^r.  Lai.?^al  vart**  treasure  due  to  the 
pressure  on  the  ground  In  front  of  the  houae  was  the  most  probablf  cause  of  this  effect. 
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DISCUSSION 

5.1  ANALYSIS  OF  GAMMA-RADUTION  DATA 

Bndgos  w*r«  pUcad  la  both  houM*  to  meuura  Initial  gamma  radiation.  Recovery  of  the 
badgM  van  sxpecteJ  within  3  hr  after  detonation.  A  aevere  fall-out  delayed  poa*  operation 
{dane.  Some  of  the  bedgee  from  the  houee  at  7S00  ft  were  recovered  7  hr  after  the  blast.  The 
other  hedges  were  picked  up  34  and  48  hr  later.  Badges  in  the  house  ^  3500  ft  were  collected 
SI  hr  after  the  ejqdoslon. 

High  reeldual -radiation  levels,  baaed  on  allowable  tolerances,  renoalued  in  the  area  for 
U''>  days.  Monitor  reports  showed  wide  fluctuations  in  readings,  probably  due  to  the  shifting 
of  the  sand  and  under  the  action  of  the  wind.  Under  these  conditions  it  was  impossible 
to  differ*atiate  between  the  amounts  of  initial  and  residual  radiation  to  which  the  badges  had 
been  eieposed.  This  part  of  the  test  failed  because  of  unforeseen  conditions.  Only  a  small 
sector  of  the  test  area  encompassing  the  dwelling  sites  was  contaminated  by  fall-out  due  to 
wind  direction. 

3.1  ANAL  Y8I8  OF  THKRMAL-RADUTION-EFFECTS  DATA 

3.3.1  House  at  7500  Ft 

A  single  coat  of  white  paint  eeemed  to  provide  a  satisfactory  reflective  surface  which  pre- 
vjided  scorching  of  the  siding.  The  one  coat  of  light -gray  paint  on  the  shutters,  however,  ab¬ 
sorbed  enough  thermal  nuUatian  to  scorch  the  exposed  surfaces  of  the  shutters. 

The  thermal- recording  strips  were  designed  to  indicate  thermal  flux  in  terms  of  calories 
per  agnare  cecUmeter.  Although  Fig.  B.8  shows  the  temperature  at  which  the  individual  strips 
turn  black,  these  values  are  significant  only  unu«tr  coBditioos  comparable  to  those  of  calibration. 
Calibration  in  terms  of  bomb  Oux  exposure  was  performed  durhg  shots  9  and  10,  with  the 
foUowtag  resulUi: 


Theraaal  flux, 

cal/cm’ 

Strip  blackened 

34 

All 

13 

All 

11 

All 

7.i-7.9 

Up  to  348*C 

6.0 

Upto  199~  348*C 

4.6 

Upto  199-314*C 

3.7 

Uptol75-19«*C 

t.f 

Up  to  138 -175*0 
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It  111  Mm  that  the  calibrmtloo  Is  not  sharp,  but  that  different  boards  react  sU^ly  dif¬ 
ferently. 

During  UM  on  the  houses,  therefore,  blackening  of  s  particular  strip  does  not  necessarily 
mean  that  the  surface  attained  the  corresponding  temperature,  but  that  it  was  subject  to  the 
corresponding  flux.  Since  the  slight  differmce  in  color  between  the  siding  and  shutters  on 
this  house  introduced  some  differmce  in  heat  absorption  on  the  «urfaces,  it  seems  likely  that 
the  temperatures  attained  by  the  surfaces  and  by  the  thermal  strips  all  differed  markedly 
from  one  another. 

No  scorching  was  eridsnt  Inside  the  houM,  and  no  primary  fire  resulted  from  the  detona¬ 
tion.  Since  the  houM  contained  no  utilities,  it  is  not  known  whether  their  preMnee  would  hare 
caused  a  Mcondary  fire. 

3.2.2  House  at  3500  Ft 

The  side  of  this  bouse  facing  the  detonation  was  charred  from  th?  thermal  radiation.  The 
motion  pictures  showed  that  the  charring  and  smoke  were  first  evident  in  the  area  of  the  soft 
wood  of  the  shutters  and  the  front-door  sill,  where  the  whitewash  was  worn  off  by  traff^i'  or 
sand.  No  flame  was  visible  at  any  time.  Black  smoke  was  caused  by  the  rapid  combustion  of 
the  wood  under  the  heat.  There  was  no  evidence  in  the  collapsed  interior  to  Indicate  any  scorch¬ 
ing  or  fire  damage. 

No  primary  fire  resulted  from  the  deton<dloo.  This  houM,  like  the  far-range  one,  contained 
no  utilities.  The  collapsiDg  houM  would  have  caused  damage  to  utilities,  bid  the  probability  of 
a  aecondary  fire  under  such  cundltloos  cannot  be  predicted. 

3.3  ANALTSB  OF  BLAST -EFFECTS  DATA 
3.3.1  House  at  7500  Ft 

Doora  and  windows  in  tbs  front  and  sides  of  this  bouse  failed.  The  window  glass  broks  into 
small  fragmenta.  Thla  breaking  force  waa  tranaferred  to  the  muntina,  which  broke  away  from 
the  aaah.  The  framea  of  the  double -bung  windows  were  fastened  in  the  stud  wail  openings  only 
by  tbs  nails  through  ths  trim  on  tbs  inside  of  the  house.  The  force  exerted  on  the  sash  pushed 
the  frames  in  tbs  front  of  the  house  into  the  rooms.  Since  the  pressure  on  the  sides  of  tbs  houM 
was  less  the  frames  in  these  wails  were  only  partially  dlslodyed  from  ths  walls. 

Considerably  leaa  damage  to  the  aaah  would  have  occurred  if,  Inatead  of  the  commercial 
type  of  aaah  with  Ita  comparatively  weak  muntina,  a  atrongar  improved  design  bad  been  apeci- 
fled.  The  window  framea  would  probably  have  remained  in  place  in  the  walla  if  they  had  bemi 
nailed  through  Uocka  into  the  studa  of  the  Jamba. 

The  deatruction  of  tha  front  entrance  door  was  complete,  while  the  kitchen  and  basement 
entrance  doors,  which  were  torn  off  their  hinges,  suffered  much  leas  damage.  ThtM  latter 
doors  contained  glasa  which  constituted  about  20  per  cent  of  their  area.  When  the  glass  broke, 
the  pressure  on  thsM  doors  was  relieved  and  probably  prevented  their  deotmetion.  This  is 
wcertaln,  however,  since  the  blaat  pressure  on  the  side  of  the  house  thear«*tcally  should  have 
been  less  than  on  the  front. 

Damage  to  interior  doors  varied.  The  froid-bedroom  door,  which  waii  left  open,  suffered 
no  danuge  since  it  offered  no  resistance  *q  the  tranamiaslon  of  preaeure  Ths  door  bstweea 
ths  kitchen  and  dining  room  wm  the  most  Mverely  damaged  of  all  since  1  was  normal  to  the 
pressure  build-up  in  the  dining  room  and  provided  the  most  direct  and  least  reslstaid  exft  to 
the  rear  (or  ths  blast.  Bscsum  ths  windows  in  the  ftm  story  were  larger  than  those  in  the 
bssement,  the  pressure  build-up  must  have  been  greater  in  the  first  story  than  in  tha  bassnwwd, 
and  this  pressure,  ssskiag  relief  in  a  lower -prssaurt  area,  broke  the  door  to  the  basement 
and,  M  described  later,  probably  the  floor  Joists.  The  cost-closet  door  was  driven  off  Its  hinges 
and  rotated  190*  in  tha  closet.  One  panel  broke  and  protadily  allowed  the  oreasure  of  the  email 
volume  of  air  in  the  cioaet  to  equalise  quickly,  thus  preventing  complete  destruction  of  the 
door.  Ths  closet  doors  in  tha  ascond  story  acted  similarly  to  those  on  the  first  floor,  with  one 


exception—  the  linen-cloeet  cioor.  This  door  bowed  in  but  did  not  break.  The  pressure  on  this 
door  was  probably  not  as  great  because  of  the  effect  on  the  pressure  wave  of  the  partition  cor¬ 
ner  in  frotit  of  it. 

’n  the  front  of  the  house  the  2-  by  6-in.  roof  rafters,  which  were  spaced  16  In.  on  centers, 
failed  in  bending  at  the  middle  of  the  span.  While  the  size  of  these  rafters  is  satisfactory  for 
the  usual  static  load,  this  test  proved  that,  under  blast  loading,  the  roof  construction  was  the 
weakest  structural  part  of  this  house.  No  other  structural  portions  failed  so  completely. 

The  second-floor  framing  apparently  was  undamaged.  This  was  expected,  since  the  window 
areas  In  both  first  and  second  stories  were  nearly  the  same,  and  rapid  equalization  of  pressure 
both  abeve  and  below  the  floor  could  occur.  Equalization  of  pressure  above  and  below  the  first 
floor  must  have  been  slower  since  several  of  the  first  -  ^oor  joists  failed  or  partially  failed  as 
a  result  of  a  downward  load.  Pressure  entering  the  ^uenient  had  to  channel  through  windows 
totallt  3  only  about  30  per  cent  of  the  first -story  windew  area,  with  a  resulting  slower  buUd-up. 
Twelve  of  the  first-floor  joists  were  damaged  because  of  overloading,  and  most  of  these  con¬ 
tained  large  knota  at  or  near  the  bottom  edges.  These  joists  possessed  much  less  strength  than 
the  other  joists  because  of  these  knots.  Under  the  living  room,  part  of  the  joist  damage  was 
due  to  faulty  construction.  The  joists  framing  into  the  header  at  the  fireplace,  instead  of  being 
supported  by  steel  joist  hangers,  were  end-nailed.  Pressure  on  the  first  floor  forced  the  ends 
of  these  joists  down  from  the  header.  A  redistribution  of  the  load  to  the  adjoining  joists  that 
had  solid  bearings  probably  took  place.  If  the  trimmer  joists  had  been  doubled,  as  indicated  on 
the  drawings,  the  probability  of  failure  al  these  joists  would  have  been  reduced  and  a  lesser 
loading  would  have  been  imposed  on  adjacent  joists. 

Two  2-  by  4-ln.  broken  studs  are  shown  in  the  front  wall  of  the  house,  where  the  plaster¬ 
board  and  plaster  were  removed  by  the  blast  or  wind.  No  attempt  was  made  to  determine  the 
total  damage  to  studs  by  removing  plaster  as  working  time  In  the  area  was  limited  by  the  re¬ 
sidual-radiation  levels.  Plaster  cracking  and  bulging  inward  of  walls  indicated  that  other  studs 
in  the  living  room,  kitchen,  and  bedrooms  were  damaged.  In  the  kitchen,  half  the  load  breaking 
the  door  and  window  was  transferred  to  the  studs  In  the  2 -ft  wall  panel  between  the  window  and 
the  door.  In  addition  to  its  own  loading.  Additional  studs  placed  In  this  panel  may  l\ave  pre¬ 
vented  this  damage. 

The  calculated  reflected  preeeure  on  the  front  of  the  bouse  was  4  psl.  The  actual  reflected 
pressure  must  have  been  ieea  than  this  value,  due  to  the  relief  afforded  by  the  breaking  of  the 
window  glass  and  the  rarefaction  effect  on  the  relatively  narrow  front  of  the  atiucture.  This 
may  explain  the  small  amount  of  dtunage  done  to  the  studs  In  the  front  wall  of  the  house. 

3.3.2  Boum  al  3600  Ft 

The  collapse  of  the  first -story  stud  walls  allowed  what  remained  of  the  upper  pan  of  the 
house  to  drop  to  tbs  first-floor  level.  The  second-story  stud  walls,  except  those  at  the  rear  of 
the  house  where  the  pressure  should  be  the  least,  were  also  demolish)  d.  The  roof  was  removed 
by  the  blast,  and  the  second-story  partitions,  although  badly  damaged,  helped  to  prevent  a  com¬ 
plete  ‘'psacaks”  coUapss.  The  motion  pictures  showed  a  noticeable  dsflectlcm  Inward  of  the  front 
walls  between  the  first  and  second  floors  and  also  between  the  second  floor  and  roof  when  the 
Idast  struck.  This  Indicated  that  the  studs  at  the  front  of  the  house  (ailed  In  bending  and  pos  ¬ 
sibly  In  horisontal  shear.  The  studs  in  the  other  wails  probably  failed  in  the  same  manner,  al¬ 
though  ths  mods  is  uncertain.  The  dsstruetton  of  the  walls  was  so  complste  that  U  would  have 
been  difficult  to  determtiM  the  exact  cause  of  (allure 

Ths  sstlmatsd  rsflsetsd  pressure  on  the  front  of  the  house  was  12  psl.  The  actual  reflected 
pewssuT')  U  unknown,  tat  it  probably  was  less  than  12  psl  bscause  of  the  effect  of  wlndowa  and 
shape. 

The  entire  boon#  moved  off  its  foundation  because  the  sill  conatnict  w.  shown  In  Fig.  B  3. 
did  not  have  sufflclsat  strength  to  transfer  the  shear  to  the  basement  wad.  If  the  transfer  had 
occurred,  the  block  wall  might  have  failed  and  the  first -story  studs  might  have  epllt  at  the  ewto 
because  of  hwisontal  shear. 
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In  ordnr  to  resist  pressures  at  this  rsoge,  the  framlnf  cf  this  house  would  have  to  be  re* 
designed.  Contentioosl  methods  of  wood  house  construction  would  have  to  be  conslderabl;  mod  • 
Ifled.  Walls  would  have  to  be  made  atrruger,  and  Jtdots  between  walls,  floors,  and  roof  would 
have  to  be  more  rigid.  Interior  panitloos  should  be  made  to  act  as  shear  walls  and  be  securely 
anchored  to  floors  and  ceilings.  The  roof  would  require  strengthe*  'ng  and  would  have  to  be 
firmly  attached  to  the  exterior  walls  to  prevent  separation.  To  resist  the  lateral  force  tending 
to  move  the  house  off  Its  foundations,  special  attention  should  be  given  to  the  anchorage  of  the 
house  to  the  masonry  basement  walls  and  also  the  wall  itself.  Any  basement  columns  abould  be 
braced  sgalnM  lateral  movement.  The  first-floor  framing  should  be  designed  for  the  blast  load 
that  enters  the  first  stay  through  broken  windows  and  doors. 

3.4  CX)IICLUSK>NS 

Observation  oi  the  maaaequlns  In  the  house  st  T&OO  ft  after  the  blast  indicated  that  human 
beings  on  the  first  and  second  floors  would  have  been  Injured  by  flying  glass  or  debris.  In  the 
tmsement  of  the  same  house  they  would  have  been  relatively  safe.  The  crushed  and  broken  man¬ 
nequins  in  the  house  at  3S00  ft  showed  that  psopls  would  have  been  elthc**  seriously  injure  or 
killed  on  the  first  and  aecood  floors.  In  the  basement,  without  shelter,  their  safety  would  have 
been  a  matter  of  chance  location. 

Major  damage  to  mnltUlght  doubte-hung  wood  sash  may  bo  expected  at  overpressures  of 

2  psl.  Frames  may  be  partially  displaced  at  the  same  pressure  and,  at  about  4  pel,  may  be 
forced  out  of  stud  walls.  To  reduce  window  damage,  consideration  ahould  be  given  to  using 
stronger  essh  end  glass  sad  better  anchorage  of  frames. 

There  is  some  evldeace  that  interior  wood-panel  doors  will  general^  escape  destruction 
If  they  are  left  in  an  open  position.  Exterior  doors  and  their  tastenli^  would  have  to  be  rede¬ 
signed  to  withstand  a  pressure  of  4  psl. 

On  the  side  facing  the  blast,  rafters  of  a  conventional  wood  gable  roof,  which  are  designed 
for  the  usual  static  load,  will  fall  under  overpressures  of  from  2  to  4  psl  and  break  la  half  at 

3  to  12  pal.  Strengthening  of  the  roof  could  be  effected  by  increasing  the  else  of  the  rafters,  by 
the  use  of  light  wooden  roof  trusses  with  subdlTided  top  chords  or,  where  attic  specs  may  be 
used  as  roonas,  wood  stud-partltlon  framiog  at  about  the  third  points. 

In  cssss  where  windows  and  doors  (ail  and  allow  the  blast  to  enter,  first-floor  Jotsts  la  s 
typicsi  wood-frame  boose  will  be  subjected  to  additional  loading  due  to  unequal  preaaures  In 
tbs  basement  and  first  story.  The  Joists  may  suffer  little  damage  In  a  convenUonal  house  at  the 
2-psl  range  If  care  la  exercised  In  selecting  Joists  and  keeping  knots  from  the  tension  edges. 

At  larger  preasuree  and  under  similar  cooditiana  of  blast,  the  first-floor  Joists  should  be  ia- 
cressed  Ir  else  or  spaced  more  closely.  Header  Joists  in  floors  should  be  supported  by  steel 
Jtdst  hasgere,  sad  trimmers  ahould  be  doublM.. 

Wall  etiida,  2  by  4  in.,  epaced  18  la.  on  cMfer  act  to  traaaier  the  lateral  bemHwg  loads  to 
the  floor  eyMsms  but  may  be  expected  to  ewCfer  dasaage  at  overpressures  of  2  to  4  p^  and 
break  m  8  to  12  psl.  Stud  walla  M  the  lower  preaauree  should  be  strengthusd  by  cloeer  apae- 
lag  of  the  etude.  At  higher  preaauree  ftte  walls  will  require  special  study  Isvolvtai  modiflealioa 
of  eoBVisfIfuisl  practices. 

Extensive  damaie  to  plsstsrboard  and  plaster  will  occur  In  a  wood-frawM  house  SKposert  to 
an  overpreaaure  on  tbs  ground  of  2  psl.  Cooslderatlon  should  be  given  to  the  uae  of  leae  fragile 
aad  more  elastic  mstsiisl. 

A  conveitfloasl  wood-frame  bouse  will  be  severely  daaaeged  at  au  oweipraasare  of  2  psl 
and  wUl  be  destroyed  at  8  pel. 

2.8  ftSCOMMENDATlDIIS 

No  laformstton  as  to  preeearee  Is  the  interior  of  the  house  wee  bbtstasil  In  thtt  test  Fatare 
teat  structarae  should  bs  tastrumsnted  with  preaiare  gasfsa  te  study  talartae  srsssure  b«ild-«p 
■ad  shoaU  bs  provided  with  meeas  of  reilevteg  or  prerendag  It. 
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Estimated  reflected  pressures  on  the  front  faces  at  the  houses  were  4  and  Vi  pet,  respec- 
tlTsiy,  Since  the  window  openings  and  eon^)aratiT0ly  short  dimension  of  the  tmildlng  hare  some 
effect,  reflected  pressures  on  the  front  fare  and  roof  should  be  measure  i  in  a  field  test  of 
houses. 

A  general  knowledge  of  the  type  of  damage  to  be  expected  to  an  existing  typical  wood-frame 
American  home  Than  exposed  to  blast  overpressures  from  2  to  5  psl  was  obtained  in  this  test. 
The  next  «tep  ^'hould  be  to  consider  means  of  building  more  blast-resistant  houses  In  the  future. 
Since  wood  is  the  most  used  building  material  in  home  construction,  efforts  should  be  directed 
toward  feasible  wood  designs  for  pressures  of  about  5  psl.  Several  of  these  designs  should  be 
included  in  future  test  programs. 
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APPENDIX  A 

SPECIFICATIONS* 

I.  GENERAL  SCOPE 

This  addendum  to  the  dwellings  and  supplements  the  basic  specification  which  shall 

be  applicable  to  these  buildings  except  wnere  Inconsistent  with  this  addendum. 

The  number  and  location  of  these  buildmgs  are  as  follows; 

No. 

required  Description  Location  from  GZ 

2  Two-story  wood  frame  (Type  H7)  t  and  2  psi  (one  at  each  range) 

n.  OBJECTIVE 

It  is  the  intent  of  this  specification  to  obtain  construction  of  representative  American  dwell¬ 
ings,  complete  except  as  noted.  All  material  and  workmanship  shall  equal  or  exceed  minimum 
requirements  for  standard  residential  construction.  Each  item  of  material,  equipment,  or  work 
shall  eq\ial  or  exceed  that  described  herein  or  on  the  drawings.  All  parts  shall  be  sound,  and 
all  construction  free  of  defects.  All  work  shall  be  performed  in  a  workmanlike  manner,  in  ac¬ 
cordance  with  good  practice,  and  be  subject  to  inspection  by  the  Government  Before  final  ac¬ 
ceptance  all  buildings  shall  be  complete,  all  equipment  installed  and  connected  in  operating 
condition. 

in.  klASONRY  WORK 

Brick  for  dwellings  shall  be  common  brick  as  covered  in  the  basic  specification. 

IV.  CONCRETE  WORK 

Concrete  for  residences  shall  be  Type  A  as  covered  in  the  basic  specification. 


•  *  FCOA  Addendum  No.  2  to  "Specifications  for  Home  Type  Shelter,  Public  Type  Shelter  and 

Test  Units,"  prepared  by  Ammann  *  Whitney  Consulting  Engineers,  New  York,  N.  Y.,  for  FCDA 
under  Contract  OA49-129-eng-I51  with  the  Office,  Chief  of  Engineers,  Department  of  the  Army. 
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V  SHEET 'METAL  WORK 

(a)  Flaalilng  and  counterflashing  shall  be  No.  26  gauge  galvanized  sheet  metal. 

(b)  Where  basement  window  sills  are  below  grade,  No,  16  gauge  semicircular  corrugated 
hot-dipped  galvanized  sheet-metal  window-wall  linings  with  3-ln.  lugs  shall  be  furnished  a.<d 
secured  to  walls. 

VI.  WOOD  CONSTRUCTION 
(a)  Lumber 

Lumber  shall  comply  with  Federal  Specifications  noted  in  the  basic  specification,  Section  7, 
and  with  American  Lumber  Standards  and  shall  bear  the  official  grade  mark  and  symbol  of  the 
association  recognized  in  the  trade  as  covering  the  particular  species.  All  grade  marking  shall 
be  done  under  the  supervision  of  the  manufacturer’s  association  responsible  for  the  grading 
sUmdards  for  the  species  Involved,  or  an  inspection  bureau  recognized  and  authorized  by  the 
manufacturer’s  association  responsible  for  the  grinding  standards  to  grade  according  to  such 
rules.  The  kinds  of  lumber  and  boards  to  be  used  in  the  construction  of  the  buildings  are  given 
in  the  table  below.  Lumber  shall  have  a  moisture  content  not  to  exceed  19  per  cent  at  the  time 
dwellings  are  enclosed. 


Description 

Tw  t  story 

Exterior  walls 

Sheathing 

No.  2  Pine  or  Fir 

Siding 

“B”  Pine  or  Fir 

Studs,  plates,  and  soles 

No.  2  Pine  or  Fir 

Interior  wails 

Studs,  plates,  a'td  soles 

No.  2  Pine  or  Fir 

Furring 

Floors 

Joists 

No  2  PLne  or  Fir 

Subfloor  (dlsgonal) 

No.  2  Pine  or  Fir 

Finish  floor,  T.G.,  f.G. 

"C”  Pine  or  Fir 

Bridging 

No.  2  Pine  or  Fir 

Girders 

No.  2  Pine  or  Fli 

Ceilings  and  flat  I'oofa 

Joists 

No.  2  Pine  or  Fu 

Gable  roofs 

Rafters 

No.  2  Pine  or  Fir 

Sheathing 

No.  2  Pine  or  Fir 

Stairs 

Riser 

No.  1  Pine 

Treads  (bullnosed) 

No.  1  Finn 

(b)  Framing — General 

1.  Structural  Framing  Members.  Members  shall  be  of  sizes  scheduled  and  nailed  as  (te- 
scrlbed  below.  Splicing  Joists  between  bearing  points  will  no^  be  permitted.  When  etnictursi 
strength  is  impaired  by  cutting  or  drllilng  by  other  trades  or  by  inherent  defects,  members 
shall  be  replaced  or  reinforced  in  a  manner  acceptable  to  the  Contracting  Officer. 

2.  Framing  M  Chimney.  Bearing  of  framing  members  on  chimney  oiasoiiry  is  not  accept 
able.  Headers  and  trimmers  shall  be  franoed  flush  with  steel  Jclst  hangers.  Framing  member 
shall  sot  be  closer  than  2  In.  to  chimney  masonry,  and  the  2-ln.  space  shall  be  filled  with  In- 
comlMsUbte  material. 
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3  Flre«tqn>lnc.  Outaide  atud  walla  and  furring  apaca  of  maaonry  walla  ahall  be  fire- 
atofipad  at  flrat  floor  and  attic. 

•4.  RaentDinaMlad  NalUng  SelMdola.  Jolnta  in  framing  ahall  ba  nallf  i  with  common  nalla 
according  to  tne  following  acnaduie: 


Joist  to  sill  or  girders,  toe-nail 

3-10d 

Bridging  to  Joist,  toe-nail  each  end 

3-8d 

i-  by  0-io.  subfloor  to  joist,  face-nail 

2-8d 

1-  by  8-in.  aubfloor  to  Joist,  face-nail 

S-8d 

Sole  plate  to  Jots*  or  blocking 

20d  16  in.  o.c. 

Top  plate  to  atud,  end-nail 

2-16d 

Stud  to  sole  plate,  toe-nail 

3-16d 

Double  studa 

16d-30  in.  o.c 

Top  plates,  spiked  together 

18d-24  in.  o.c 

Laps  and  intersections 

S-IW 

To  parallel  alternate  rafters 

3-16d 

Rafter  to  plate 

3-16d 

1-  by  8-ln.  sheathing  or  less,  to  bearing 

2-8d 

Over  1-  by  8-ln.  sheathing,  to  bearing 

S-6d 

Corner  studa  and  anglea 

3-8d 

Other  Jointa,  nail  to  provide  proportionate  atrength 


5.  Floor  Joiata.  The  floor  jolats  ahall  be  of  the  aise  and  apacing  ahown  o^  the  plana. 

6.  Framing  over  Girde  a  and  Bearing  Partitloea.  End  of  )oiat  ahall  ba  lapped  and  aplked 
together  or  batted  over  center  of  bearing.  When  butted,  tie  with  metal  atrap  (%  by  1  by  18  in. 
minimum). 

7.  Dculile  Joiata.  Jolats  ahall  be  doubled  under  all  bearing  partitions  and  unde;  jj^tei  - 
finished  nonbearing  partltlona  when  parallel  to  floor  Joist. 

8.  Headera  and  Trimmera.  Headers  receiving  more  than  four  tail  beams  shall  be  Bup>- 
ported  by  steel  Joist  hangers.  Headera  4  ft  or  less  may  be  single  and  ahall  be  supported  as 
above  or  by  wood  bearing  atripa  or  other  supports  acre|:Aable  to  the  Contracting  Officer. 

When  openings  occur  at  end  of  Joist  span  and  header  is  4  ft  or  leas  in  length,  trimmers 
may  be  single. 

Double  framing  shall  be  used  under  all  other  cmiditlons. 

8.  Cross  Bridging.  Bridging  ahall  be  1  by  3  in.  minimum  else  and  ahall  be  spaced  8  ft 
apart,  nailed  at  each  end.  Bridging  split  in  process  o',  nailing  is  not  acceptable. 

10.  Subflooring.  Subfloor  boards  s.hall  be  square  edge.  The  boards  shall  be  laid  diagonally 
at  45*  angle.  Break  Joints  over  center  of  Joists;  no  two  actjolnlng  boards  shall  break  Joints  over 
the  same  Joist,  and  each  board  shall  bear  on  at  least  three  Joists.  Board  shall  be  double-nailed 
at  each  bearing,  (except  S-in.-wtds  boards  which  shall  be  triple -nailed.  Install  blocking  between 
endte  of  Joist  at  wall  for  nailing  ends  of  floor. 

11.  Ceiling  Framing.  Ceiling  Joists  and  spacing  shall  be  m  shown  and  noted  on  the  plans. 

Use  ceiling  Jolats  as  ties  for  rafters. 

Framing  for  ceiling  Joints  over  girderi«  and  bearing  partition  shall  be  as  specified  in  para¬ 
graph  8  shove. 

12.  Roof  Framing.  Headers  4  ft  or  less  in  length  may  be  single.  At  the  chimney,  single 
trimmars  will  ba  psrmltted. 

Wall  plates  for  rafters  shall  be  anchored  to  masonry  walls  as  indlcaied  on  the  plans. 

On  pitched  roofs  the  rafters  shall  bs  cut  for  Isvel  bearing  and  aplked  to  wall  plate;  frame 
afters  opposite  on*  another  at  ridge. 

Collar  b«taaQa  of  S  by  4  In.,  spaced  46  in.  o  c.,  ehali  be  installed  on  the  rafters  where  called 
for  on  th#  ptami. 


57 


(c)  Framing  Details 

1.  Stud*  ahall  b*  continuou*  without  •pllcing  between  bearing*  All  •HI  be  J  by  4  in,, 
spaced  Ifl  In.  o.c.  Comer  poets  shall  be  three  3--  by  4-iii.  poets,  set  to  recetee  interior  fUdeh. 
Inner  studs  at  Jambs,  for  window  and  door  openings,  shall  eatend  In  on*  pi*c*  from  header  to 
bearing  and  shall  be  nailed  to  outer  studs. 

2.  Headers  over  openings  shall  oe  not  less  thsn  ths  f<dlowlng  sixes: 


Slse 

Max.  span 

Two  2  by  4’a  on  edge 

3  ft  6  in. 

Two  2  by  6’s  on  edge 

4  ft  6  In. 

Two  2  by  8’a  on  edge 

8  ft  0  *n. 

Two  2  bv  lO’s  on  edge 

7  ft  8  In. 

3.  Top  pistes  shall  be  two  2  by  4’ii,  unless  otherwise  indlcsted  on  the  drawings.  Plate  mem¬ 
ber*  shall  be  lapped  at  comers  and  Intersecting  partitions. 

4.  Sole  pistes  shall  be  2  in.  nominal  thickness  and  rest  on  top  of  subflooring.  The  exterior 
wall  studs  shall  bear  on  ths  sols  pistes. 

5.  All  nonbsarlng  partitions  ahall  have  2-  by  4-in.  studs,  spaced  16  in.  o.c.  Corner  of 
rooms  shall  bs  framed  to  receive  Interior  finish.  The  Inner  stud  erf  Jambs  shall  extend  in  one 
piece  from  header  to  bearing.  Sole  and  piste  shall  be  2  in.  nominal  thickness;  lap  plates  at  out¬ 
side  walla  and  at  bearing  partition.  When  partitions  are  parallel  to  celling  joists,  a  nailing 
member  secured  to  Joists  by  blocking  shall  be  provided  on  top  of  plate  for  securing  ceiling 
finish. 

6.  Sbasthlng .  All  wall  sheathing  shall  be  applied  diagonally  at  45’’  angle.  Break  Joints  over 
center  of  studs;  no  two  Joints  of  adjoining  boards  shall  break  Joints  over  same  stud,  and  tach 
hrwird  shsll  bmmr  rm  at 

7.  Roof  Sheathing.  The  root  sb!)athlng  shall  break  Joints  over  center  of  rafters;  no  two 
»dJolnliif  boards  shall  b'eak  Joints  over  same  rafter,  and  each  board  shall  bear  on  at  least 
three  rafters. 

8.  Stairs  (Interior).  Stringers,  treads,  and  risers  shall  b*  No.  1  pin*.  Provide  solid  bear¬ 
ing  at  top  and  bottom.  Ths  method  of  stair  asasmbly  shall  be  acceptable  to  the  Contracting  Of¬ 
ficer.  Three  3-by-13  stringers  shall  bs  used. 

(d)  Exterior  Wood  81dli« 

1.  All  exterior  wood  elding  shall  bs  sessonsd,  wiih  a  moistur*  content  not  exceeding  19  per 
cent,  and  nailsd  over  approved  16#  asphalt -impregnated  felt,  nailed  to  the  sheathing.  Nall  ald- 
Ing  at  each  baarlng  as  per  nsillng  schedule,  set  nails,  and  asaJ  with  putty  after  prlmli^. 

1.  Exterior  Wood  Trim.  Exterior  wood  trim  and  cornice  shall  be  No.  1  Hr.  Set  nalla  and 
seal  with  potty  after  prime  coat  of  paint  has  been  aisled. 

3.  Shutters  and  louvers  shall  be  provided  os  shown.  Shutters  shall  bs  hinged  to  window 
Jamb*  sad  provldsd  with  catches  and  “S’*  straps. 

(s)  Roof  Covering 

1.  Provide  cement -asbestos  square  roof  ehlnglec  for  house  near  range  and  light -gray  as¬ 
phalt  rod  shlofles  square  thick  butt  llOt  for  house  far  range. 

3.  Fire  Undtrwrltere’  Class  C  label  shall  ai^ar  on  each  bundl*  d  asphalt  ahlnglss.  The 
asphalt  shingles  shall  b*  installod  In  accordanc*  with  manufacturer’s  apeciflcatloos.  laid  over 
16#  felt,  and  conform  to  Federal  Speciflcatloi)  M-R-6il. 

3.  Asbestos  shlnglss  shsll  bs  d  an  approved  quality  and  shall  be  apdied  as  recommended 
by  the  manufacturer,  laid  over  16#  felt,  tad  cooforra  to  Federul  Specification  88-6-t9lb. 

4.  Flashing.  Oalvanlsed  shod  mstal  d  No.  18  gauge  shall  be  Mtd  for  flashing  whsr* 
called  for  OB  the  plane.  All  chlmosy  aid  rod  Intersections  shall  b*  flashed  and  eounterflsnhsd. 
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(f)  Intortor  FlnUih 

!.  For  tatoritH^  fiaiah  exterior  valla:  Oweiitnfa  shall  lisve  Vf-in.  f^TSiup  lath,  o&ilsd  dl- 
rsct  to  wood  stod  walla,  and  hare  oo«  cost  oi  brown  ffpaum  plaater  %  In.  tlilch 

I.  For  both  (aces  of  interior  walla  axtd  celllnga:  Gypstun  lath  and  plaster  sh&ll  be  uaed. 

All  plaater  base  shall  conform  to  Federal  Specification  88-P-4Sla  for  gypeum  plasterboard. 

3.  Plaater  shall  bs  gypsum  plaater  conformli^  to  Federal  Specification  88-P'403  and  ap¬ 
plied  la  one  coat  totaling  %  In.  In  thickness 

Install  the  baseboards  of  the  aUee  shown  on  plans  before  the  application  of  the  plaater, 
metal  comer  beads  at  external  corziere,  and  expanded  metal  lath  angles  at  internal  corners. 

4.  Wood  Trim.  All  interior  trim  shall  be  “C"  grade  fir. 

5.  Wood  Floors.  Flooring  shall  be  bUod-nalled  with  steel  cut  nails 

6.  Doors.  All  exterior  doors  shall  be  1*4-10.  fir;  interior  doors  ahnl)  ba  panel  i*/t-ln.  fir. 
Standard  hardware  shall  ba  appUad,  consisting  of  hiagas  and  lockaet  at  japannad  finish  aqwal  to 
Lockwood  economy  grade. 

7.  Windows  and  Glaxing.  Windows  shall  be  ‘‘packagad,  ’  wood,  double-hung  type,  complete 
with  frame,  aash,  balances,  and  trim  with  3S-B  glaxing.  An  economv'  ^^rade  of  vmlt  slmlli&r  to 
‘'Huttlg*  shall  be  used.  Bssement  sash  shall  be  stock  1-ft  2-Ia.  by  2-ft  O-ln.  steel  projected 
type  with  S8-B  glaxing. 

Vn.  PAINTING 

(a)  Materials — Exterior 

1.  For  all  woodwork  on  house  near  range,  use  two  coats  of  whltawaah,  On  house  far  range, 
woodwork  shall  be  ready-mlx  white,  except  shuttera  which  shall  be  light  gray,  undercoating 
primer  cocformlng  to  Federal  Speclflcatimi  TT-P-25.  Obtain  best  coverage  with  one  prune 
c-wt 

2.  For  coating  axpoaed  •xlerlor  cinder  blocks,  a  white  cement-water  paint  shall  be  used 
conforming  to  Federal  Specification  TT-P-21 

(b)  Materials — laierlor  (None) 
vm.  PLUMBING  (None  required) 

DC.  ELECTRICAL  WORK  (None  required) 

X.  HIATINO  (None  required) 
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